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SYNOP~IS Mat foundat~ons co~structed in impermeable soils with a high groundwater table will 
exper7ence a substant~ally h~gh buoyancy force due to hydrostatic pressure. Conventional solutions 
to th~s.problem are to increase the structural weight or install piles or anchors to counterbalance 
the upl~ft. These.methods are costly, inefficient, and time-consuming. This paper presents a case 
st~dy to s~ow an ~nnovated approach by using geocomposites to cope with the uplift in impermeable 
so~ls. Upl~ft pressure relief system consisted of geosynthetic materials was installed for a 14-
sto~y offic7 an~ apartment bui~ding. The raft foundation was built at 50 feet below ground surface. 
A f~eld mon~tor~ng and evaluat~on program has been implemented. Based on site experiences, this 
system proved to be rapid, simple, and cost effective for construction. Observations made to date 
about settlement, seepage, and porewater pressure have shown good performance of this system. The 
introduction of geocomposites to relieve uplift pressure appears to be practical as a rational 
solution for this t_ype of foundation problem. 
INTRODUCTION 
Deep basement to accommodate more commercial 
developments and parking substructure has 
become essential in the highly congested 
metropolitan areas due to expensive real estate 
cost. Basement installed much below groundwater 
table are commonly subjected to a substantial 
buoyancy due to hydrostatic forces. 
Conventional solutions to this problem are to 
increase the structural weight, drive piles or 
install anchors to counterbalance the uplift. 
According to site experiences, all of these 
methods are costly, inefficient, and time-
consuming. 
Geocomposites have been widely used to expedite 
foundation drainage in recent years (Fluet, 
1988). These materials carry a typical flow 
rate ranging from 1.25 to 22 galjmin/ft2 (2.5 x 
10-4 to 4.6 x 10-3 m2;sec) at a hydraulic 
gradient of 1.0 and a normal force of 14.5 psi 
(100 kPa). Such drainage capabilities are in 
favor of, and have been proved to be successful 
for a variety of applications (Koerner, 1990). 
This paper presents a case study to show an 
innovated approach by using geocomposites to 
cope with the uplift problem for a mat 
foundation in impermeable soils. 
BACKGROUND 
The owner-developer was planning to construct a 
14-story office and apartment complex in the 
uptown of Taipei, the capital city of Taiwan. 
The building was measured to have a footprint 
area of about 64,800 feet2 (6,020 m2 ) with its 
lowest level at about 50 feet (15 m) below the 
ground surface. Geotechnical investigation 
indicated that the subsoils at the site 
consisted of gray silty clay to clay down to a 
depth of about 165 feet (50 m). The subsoils 
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are impermeable with a permeability less than 
10-7 cm;sec. The stable groundwater level was 
measured to be at 3 feet (0.9 m) below the 
ground surface. Stress analysis showed that the 
net uplift pressure aqting on the foundation 
base would be about 1.0 tsf (100 kPa). To 
balance this force, the designer proposed three 
alternatives: (1) caissons, (2) thick concrete 
mat, and (3) soil anchors. All of these 
solutions had shown disadvantages and were not 
tolerable by the owner-developer. They are 
costly, insufficient, and time-consuming. 
NEW APPROACH 
It was at this time that the possibility of 
using geocomposites was explored. Although the 
geocomposites had been used for many other 
foundation drainage applications, this would be 
the first attempt to use such technique for a 
high-rise building. The design was based on the 
facts that the permeability of the subsoils is 
very low. Therefore, the uplift forces are 
great but the amount of seepage is small. 
Seepage analysis showed that _the amount of 
influx to the foundation area would be less 
than 130 gpd (0.5 m3jday). The installation of 
a structural diaphragm wall to a depth of 33 
feet (10 m) below the foundation base would 
further cutoff the amount of seepage. To draw 
and dissipate such small amount of groundwater 
would not cause any detrimenta·l effect to the 
building and its surrounding environments. 
DESIGN CONCEPT AND SYSTEM ELEMENTS 
The design concept is similar to those behind a 
retaining wall. The hydrostatic pressure will 
dissipate through drainage system if 
groundwater tends to accumulate behind the 
structure. A layer of geocomposite system was 
installed immediately beneath the concrete to 
relieve the uplift force acting on the 
foundation. When groundwater begins to flow 
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and porewater pressure becomes significant, it 
was collected and dissipated to the sewer 
system inside of the building. 
The system was constructed by first placing a 
layer of geotextile on the subgrade. It was 
used for separation, filtration, and drainage. 
Then, a sheet of geonet was placed on the 
geotextile to expedite the planar drainage. 
Finally, a layer of geomembrane was laid down 
to protect and separate the geosystem during 
concrete placement. A pipe loop consisted of 
1~-inch I.D. horizontal PVC pipe and standpipe 
was installed to transmit all collected water 
to the sewer tank inside of the building (Fig. 
1 and Fig. 2). 
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The essential hydraulic aspects of this system 
are its ability to pass water, retain soil and 
allow water to move freely in plane under the 
foundation load. The system design must satisfy 
the filtration and drainage criteria. A number 
of reports have disc\,lssed the behaviors of 
geosynthetic materials at th~ $oil interface 
(Koerner and Sankey, 1982; Koerner, 1990; 
Mlynarek et al. 1990; Mlynarek and Lewandowski, 
1991). They concluded that the geosynthetic 
materials tested did have an acceptable 
performance in filtration and drainage. 
However, the increase of normal stress applied 
to the materials and the fines in soils had 
restrained the in-plane transmissivity. The 
selection of geocomposite materials needs a 
careful review with respect to the particular 
soils and foundation system to ensure proper 
use of the geosystem (Koerner and Ko, 1982; 
Koerner and Bove, 1983; and Koerner et al., 
1986). 
The selection of the geosystem was based on the 
following criteria as recommended by Haliburton 
and Wood (1982) and Koerner (1990): 
Geotextile 
Apparent opening size, AOS < 2 - 3 d85 
Permittivity, ¢ = kn I t 
Factor of safety, Fs > 10 for allowable ¢ 
Gradient ratio, Gr < 3 
t 
= soil particle size corresponding to 85% 
finer (mm) 
= coefficient of permeability normal to 
the geotextile 
= thickness of the geotextile at a 
specified normal pressure 
~n-plane c~efficient of permeability 
~n geotext~le 
coefficient of permeability of soil 
retained by geotextile 
Geonet 
Transmissivity, 9 = kP t 
Factor of safety, Fs > 10 for allowable 9 
In addition to the physical requirements, the 
system.a~s~ con~idered ~aterials' long-term 
compat~~~l1ty w~t~ chem~cal and biological 
effe~t.1n the env~ronment. This was done by 
exam~n~ng the pH values of the groundwater. A 
~H value of 7±2 was considered to have no 
~nfluence on the behavior of geocomposite 
~aterials (Koerner, 1990). A check valve was 
~nstalled at each standpipe connected to the 
geosystem so that air would not come in the 
system to promote mineral oxidation. 
MATERIAL SELECTION 
Based on the design criteria a number of 
geotextiles and geonets were'evaluated and 
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tested (Chang 1990). Test program included 
physical properties, permeability, tensile 
strength, tear resistance and gradient ratio. 
Fig. 3 presents a typical gradient ratio test 
result. Detailed test descriptions, test data, 
and test results were presented elsewhere 
(Chang 19.9'<:1,. Based on the study, the 
geotextil'e und the geonet were selected to be 
ICI Terram~~4000, and Tensar HF-20, 
respectively. Goemembrane selected was a PVC 
membrane of 10 mil thick. 
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Fig. 3. Typical Gradient Ratio Test Results 
SYSTEM CONSTRUCTION 
rhe foundation base was excavated and prepared 
according to conventional procedures. A field 
monitoring and evaluation program was 
implemented to measure foundation movements, 
seepage, and porewater pressure. Monitoring 
instruments included settlement plates, 
porewater pressure gauges, and piezometers. 
rhe system was constructed by first erecting 
the pipe loop followed by laying geotextile, 
geonet, and geomembrane in sequence. All 
geosystem works were completed by a 4-man crew 
within one week. Lean concrete of 4-inch thick 
were then placed on the system for protection. 
~fter the foundation mat was constructed, the 
geosystem was linked to the building sewer tank 
and hydrotested to verify its function. The 
building was constructed as planned and there 
were no adverse evidence reported. The amount 
of seepage observed was much less than the 
anticipated value. Groundwater takes longer 
time to reach equilibrium in the impermeable 
soil. Overall, the geosystem resulted in the 
building being completed earlier than the 
conventional solutions with savings over 50% 
in construction costs. However, the system 
needs long-term observations to fully verify 
its functions. To date, there has been no 
indications of any adverse effects reported. 
SUMMARY AND CONCLUSIONS 
rhe excessive uplift pressure acting on a mat 
foundation in impermeable soils can be 
iissipated by a geocomposite drainage system. 
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To apply such approach, two important boundary 
conditions must be satisfied. The amount of 
seepage is small, and the field permeability of 
the subsoils must be less than 10·6 cmjsec. The 
major factors that govern the design of the 
geocomposite system include filtration, 
drainage, and environmental compatibility. With 
the correct selections of materials and follow 
proper installation and monitoring procedures, 
the drainage capability of the geocomposite 
system can be ensured. 
This case study has shown that the use of 
geocomposite system provides a rapid and cost 
effective adaptable solutions to cope with 
foundation uplift problem. It resulted in more 
than 50% savings when compared with other 
alternative techniques. However, the system's 
long-term performance needs further 
verification. The results of field monitoring 
to date has proved that.the system appears to 
be successful. The above conclusions should be 
confirmed, and refined based on the feedback of 
field-scale testing data. 
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